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a b s t r a c t
Background and purpose: To assess blood ﬂow velocity in the middle cerebral artery (MCA) during
transnasal endoscopic procedures performed with decreased hemodynamic parameters.
Materials and methods: In 40 patients who underwent endoscopic skull base surgery in
controlled hypotension (studied group) and in 13 patients operated without reduction of
hemodynamic parameters (control group), blood ﬂow velocity in MCA was assessed with
transcranial color Doppler sonography.
Results: Blood ﬂow velocity in MCA remained within the range of age-speciﬁc reference
values in all patients before operation. It decreased signiﬁcantly in both groups after
induction of anesthesia and then dropped even further in studied group of patients when
hemodynamic parameters were reduced; the systolic velocity fell below the normal refer-
ence values in 25% of patients, the mean velocity in 50% and the diastolic velocity in 57% of
patients. The diastolic velocity was much more heavily inﬂuenced by diminished hemody-
namic parameters than systolic velocity in the studied group as opposed to the control group
where reduction of blood ﬂow velocity pertained equally systolic and diastolic velocity.
Conclusion: During transnasal endoscopic procedures performed in moderate hypotension,
in addition to signiﬁcant drop of blood ﬂow velocity to values well below the normal
reference range, a divergent reduction of systolic and diastolic velocity was detected. Since
divergent systolic and diastolic velocity may indicate an early phase of cerebral autoregula-
tion compromise, and the decrease of mean blood ﬂow velocity in MCA corresponds with a
decrease of cerebral blood ﬂow, further investigations in this ﬁeld seem warranted.
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During the past decade there has been a substantial
movement to develop expanded endonasal approaches to
the ventral skull base as well as the methods of reconstruc-
tion of the postoperative defects. Precision of surgical
manipulations and good overall effect of these procedures
can be achieved only if intraoperative bleeding is reduced to
a minimum. Besides local application of vasoconstrictors
and putting the patient in the reverse Trandelenburg
position moderate hypotension with mean arterial pressure
(MAP) of about 60 mmHg is nowadays more and more
commonly used in some centers as an indispensable
component of general anesthesia for extensive endoscopic
operations [1]. Survey of the literature as well as the results
of our previous study revealed that lowering of arterial
pressure alone does not always result in reduced bleeding
during operative procedures [2–4]. Inhaled anesthetic agents
reduce MAP by dilation of blood vessels which results in
tachycardia with consequent increase of bleeding. Thus
concomitant reduction of both heart rate (HR) and MAP is
considered as a necessary prerequisite for obtaining satis-
factory bloodless surgical ﬁeld.
Mild to moderate controlled hypotension has been used
during certain surgical procedures and is generally considered
safe in healthy, normotensive subjects. However the tolerance
of decreased hemodynamic parameters may vary between
healthy individuals and can supposedly be considerably
weaker in patients with comorbidities, or elderly people
who also may require surgery. Because insufﬁcient brain
perfusion is a main hazard of systemic hypotension, the quest
of safe and reliable methods of intraoperative brain perfusion
monitoring becomes the main concern of the neuroanesthe-
siologist.
Transcranial color Doppler sonography (TCCS) via temporal
bone window enables the assessment of blood ﬂow velocity in
the major cerebral arteries, which has been proved to remain
in direct proportion to the volume of cerebral blood ﬂow [5–7].
Of all basal cerebral arteries the M1 segment of the middle
cerebral artery (MCA) is most suitable for persistent monitor-
ing of blood ﬂow using transcranial Doppler sonography.
The aim of our study was the assessment of changes in
blood ﬂow velocity in the MCA during transnasal endoscopic
operations performed in moderate controlled hypotension
with decreased, stable heart rate.
2. Materials and methods
The study protocol was approved by the Bioethical Committee
of Medical University of Bialystok and all participants have
signed the informed consent. The studied group consisted of
40 patients (19 females and 21 males in the age ranged 20–58
years, on average 41.5) who underwent endoscopic surgery for
various pathologies of the paranasal sinuses and the anterior
and middle skull base in hypotensive conditions. Thirteen
patients (5 females and 8 males in the age ranged 28–56 years,
on average 42.6) underwent surgery to cervical spine patholo-
gies without reduction of their hemodynamic parametersduring surgery constituted control group. Patients belonging to
the control group were positioned during the surgery in exactly
the same way as the patients from the studied group i.e.
horizontal supine position. Patients with a history of systemic
diseases (hypertension, coronary heart disease, diabetes,
chronic respiratory disorders) were excluded from the study,
as were those with insufﬁcient acoustic window. Another
exclusion criterion was excessive risk of general anesthesia, as
assessed with American Society of Anesthesiologists Physical
Status Scale (ASA) – grade II and higher.
General anesthesia was performed according to the same
protocol in all patients. For induction of anesthesia propofol at
a dose of 2 mg/kg i.v. was used followed by cis-atracurium at
the intubation dose of 0.1 mg/kg i.v. Aesthesia was maintained
with sevoﬂurane at minimal alveolar concentration (MAC) 0.8
occasionally to 1.5 and remifentanil in continuous intravenous
infusion at a rate of 0.1–0.5 mg/kg/min. Heart rate, blood
pressure, end-tidal carbon dioxide pressure (ETCO2) and pulse
oximeter oxygen saturation (SpO2) were monitored during the
procedure.
The reduction of hemodynamic parameters in the studied
group was achieved by gradual increase of the rate of
continuous intravenous infusion of remifentanil ﬁrst, keeping
the MAC of sevoﬂuorane stable at the level of 0.8. This resulted
in conspicuous decrease of HR with only slight reduction of
MAP. When HR dropped close to the lower range of the
physiological norm i.e. ca. 60/min and further reduction of
MAP was necessary to improve surgical conditions, the MAC of
sevofuorane was enhanced. Normocapnia was preserved
during the whole operation.
Reduction of HR and MAP was aimed at achieving bloodless
surgical ﬁeld or minor bleeding not interfering with surgical
manipulation.
Depending on the extent of the procedure, concomitant
intraoperative trauma and individual quality of surgical ﬁeld
(bleeding intensity) as well as required precision of surgical
manipulation, low hemodynamic parameters were main-
tained for 40–90 min.
2.1. Doppler ultrasonography
Blood ﬂow velocity in the middle cerebral artery was assessed
with transcranial color Doppler imaging using a ‘‘vivid-i’’
device (General Electric) and 2.5–3.6 MHz sector transducer 3S-
RS according to the methodology described earlier [8]. The
measurements were performed by single experienced opera-
tor throughout the study. The optimal position, angle and
depth of insonation were determined preoperatively for each
patient individually and applied during the surgical procedure.
Right acoustic window, if present, was used routinely for
sampling the M1 sector of the middle cerebral artery. In six
patients left window was used and the left MCA was
examined. In each patient the assessment of blood ﬂow
velocity was performed three times: before operation (P1), just
after the induction of anesthesia (P2) and during the surgery at
the time when satisfactory bloodless surgical ﬁeld was
achieved due to reduced blood pressure and heart rate (P3).
In the control group the third measurement was taken in
normotensive conditions ca. 30–40 min after onset of surgery.
Variations of peak systolic velocity (Vps), end-diastolic velocity
Table 1 – Percentage drop of blood flow velocities between




P1/P2 P2/P3 P1/P3 P1/P2 P2/P3 P1/P3
Vps 20.1 15.2 32.7 24.1 2.3 29.9
Ved 28.2 21.3 45.6 23 4.5 26.6
Vm 29.3 18.4 43.3 25.8 5.5 30.2
Vps, peak systolic velocity; Ved, end diastolic velocity; Vm, mean
velocity.
P1, before operation; P2, after induction of aneasthesia; P3, after
reduction of hemodynamic parameters (studied group)/30–40 min
after induction, in normotension (control group).
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compared to the normal reference range [5].
2.2. Statistical analyses
Iman-Devenport variant of nonparametric Friedman test was
used to compare the blood ﬂow velocities in the middle
cerebral artery between examinations at three time-points.
Post hoc comparisons between each pair of time-points were
performed using nonparametric Conover test.
Mann–Whitney test was used to compare blood ﬂow
velocities in the studied and control groups of patients at
three time-points. Analyses were carried out using IBM SPSS
Statistics 20.0 software, except for Friedman and Conover test,
which were calculated according to appropriate algorithms [9].
Tests' results were considered signiﬁcant at p < 0.05 level.
3. Results
Prior to the operation (P1) in the studied group of patients, the
mean arterial pressure oscillated between 76 and 103 mmHg
(median 92 mm Hg) and heart rate between 65 and 89/min
(median 75/min). After induction of anesthesia (at P2) MAP
dropped to 70–83 mmHg (median 80) and HR to 65–90/min
(median 74). At the moment when bloodless surgical ﬁeld was
achieved (P3), MAP varied between 60 and 72 mmHg (median
63) whereas heart rate remained within a span of 55–71/min
(median 62).
In the control group MAP and HR at P1 and P2 time points
were similar to the values of the studied group: 78 and
102 mmHg (median 90 mmHg) and 68 and 84/min (median 76/
min) – MAP and HR respectively at P1; 68–86 mmHg (median
82) and 68–92/min (median 74) – MAP and HR respectively at P2.
Hemodynamic parameters in these patients were kept stable
during entire procedure, thus at P3 time point (ca. 40 min after
induction of the anesthesia) they were not much different
from the measurements taken at P2 – MAP 70–90 mmHg
(median 84) and HR 64–86/min (median 70).Fig. 1 – Decrease of peak systolic velocity (Vps) in studied (hypoten
normal reference range for patients aged 20–40 years (65 cm/s). 
patients aged 40–60 years (64 cm/s).Statistical analysis showed highly signiﬁcant differences in
blood ﬂow velocity measurements taken at three time points
(Iman–Devenport variant of Friedman test, p < 0.001).
At P1 time point i.e. before operation, blood ﬂow velocity
(Vps, Vmand Ved) in the middle cerebral artery remained within
the range of age-speciﬁc reference values in all patients. After
induction of anesthesia (at P2 time point) blood ﬂow velocity
decreased markedly in most patients. Table 1 shows that in the
studied group the most conspicuous drop was that of Vm (on
average by 29.3%) followed by the rate of drop in Ved (on
average 28.2%) and then Vps (on average 20.0%). It is worth
emphasizing that Vps in the middle cerebral artery fell below
the minimal value of the normal reference range in three
patients (7.5%), Vm in six patients (15%) whereas Ved in eleven
patients (27.5%). The differences of blood ﬂow velocities
between measurements taken at P1 and P2 were statistically
highly signiﬁcant (Conover test, p < 0.001) (Figs. 1–3).
When the satisfactory, bloodless operative conditions were
achieved at P3, further substantial reduction of blood ﬂow
velocity (Ved, Vm and Vps) was detected in most patients of the
studied group. The most considerable further drop was that of
Ved (on average 21.3%), followed by Vm (on average 18.4%
reduction) and then that of Vps (on average by 15.2%) (Table 1).
At that time peak systolic velocity fell below the lower limit ofsive) and control group of patients. Solid line – lower limit of
Dashed line – lower limit of normal reference range for
Fig. 2 – Decrease of end diastolic velocity (Ved) in studied (hypotensive) and control group of patients. Solid line – lower limit of
normal reference range for patients aged 20–40 years (23 cm/s). Dashed line – lower limit of normal reference range for
patients aged 40–60 years (29 cm/s).
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twenty patients (50%) and end diastolic velocity in as many as
twenty-three patients (57.5%). The reduction of the value of
blood ﬂow parameters between measurements taken at P2 and
P3 proved statistically highly signiﬁcant (Conover test,
p < 0.001) (Figs. 1–3).
In all patients satisfactory surgical conditions of the
operative ﬁeld were obtained before their MAP and HR dropped
below the values commonly regarded as safe for healthy
subjects.
In the control group, at P2 time point (after induction of
anesthesia) a decrease of blood ﬂow velocity was also observed
in most patients. Vm dropped on average by 25.8%, Ved on
average by 23% and Vps by 24.1% (Table 1). The differences of
blood ﬂow velocities between measurements taken at P1 and
P2 were statistically highly signiﬁcant (Conover test, p < 0.001)
(Figs. 1–3).
Just as in the hypotensive group, in the control subjects
after induction of anesthesia blood ﬂow velocities dropped
below lower limit of normal reference values in few cases:
systolic velocity in 1 patient (7.6%), the mean velocity inFig. 3 – Decrease of mean velocity (Vm) in control (hypotensive) an
reference range for patients aged 20–40 years (35 cm/s). Dashed l
40–60 years (41 cm/s).2 patients (15.4%) and diastolic velocity in 3 patients (23.1%).
After hemodynamic parameters had been stabilized (P3 time
point) only a minor further reduction of blood ﬂow velocities
was detected in this group of patients: systolic velocity fell
additionally on average by 2.3%, diastolic velocity by 4.5% and
mean velocity by 5.5% (Table 1). The number of patients whose
blood ﬂow velocity dropped below normal reference range did
not increase at P3 and remained the same as at P2 time point
(Figs. 1–3).
As opposed to hypotensive group, in the control subjects
the P1/P3 drop of blood ﬂow velocity pertained equally to
systolic and diastolic velocity. In the studied group of patients
a divergent reduction of blood ﬂow velocity was observed i.e.
diastolic velocity was much more heavily inﬂuenced by
reduced hemodynamic parameters than systolic velocity
(Table 1).
Comparison between groups of patients revealed that
systolic blood ﬂow velocity dropped similarly in both groups
while diastolic and mean velocity were reduced much more
intensely in the studied group (Table 1). The differences
in mean and diastolic blood ﬂow velocities at P3 betweend control group of patients. Solid line – lower limit of normal
ine – lower limit of normal reference range for patients aged
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Whitney test, p < 0.05).
No complications were revealed in any of our patients with
standard neurological examination in the postoperative
period.
4. Discussion
This study demonstrates that during surgery performed in
moderate hypotension with decreased, stable heart rate, blood
ﬂow velocity in the major cerebral arteries decreases to values
which are below the normal reference range in healthy
subjects. Furthermore, this ﬁnding can be extrapolated to
diminution of cerebral blood ﬂow, at least in the territory
supplied by the MCA. For that to be true, the cross-sectional
area of the insonated artery needs to remain constant. Liu et al.
suggested that large cerebral arteries are involved in cerebral
autoregulation [10], while Valdueza et al. and Serrador et al.
found constant caliber of the MCA throughout different phases
of cerebral autoregulation [11,12]. Certainly the validity of
using transcranial Doppler measurement of cerebral blood
ﬂow velocity to assess cerebral blood ﬂow still is a concern.
However several approaches have been employed to ascertain
whether TCD measurements are confounded by potential
changes in vascular dimensions and all have concluded that
such dimensional changes did not lead to a misleading
outcome [13–17]. Moreover, a signiﬁcant positive correlation
has been found by Kirkham et al. [7] between blood ﬂow
velocity (CBV) and cerebral blood ﬂow (CBF) values, particularly
for the middle cerebral artery. Validation of Doppler sonogra-
phy as an indicator of cerebral blood ﬂow has been also
performed in other reports [18–21] Taking into consideration
the ﬁndings of the above mentioned studies one can conclude
that controlled hypotension may in some patients result in a
decrease of cerebral blood ﬂow in the territory supplied by the
MCA.
An important problem is why cerebral blood ﬂow decreased
in our patients despite their MAP and HR not falling below the
lower limits of efﬁcient cerebral autoregulation. A deﬁnite
answer is not possible based on the data available within our
experimental set-up and can only be to some extent specula-
tive. First, it ought to be stressed that the drop in blood ﬂow
velocity was not related to the type of surgery because the
study group and the control group did not differ with regard to
duration of surgical procedure, intraoperative trauma,
patient's position and blood loss. Also, in both groups surgical
interventions were restricted to areas not involved in
regulatory mechanism of cardiac or vascular reﬂexes. There-
fore, it can be assumed that the drop of cerebral blood ﬂow
velocity was due to deliberately applied hypotension.
It is the mean blood ﬂow velocity value which has been
shown to positively correlate to a highest degree with the
volume of ﬂow and this ﬂow velocity decreased signiﬁcantly in
the MCA of our patients after induction of anesthesia (studied
and control group) and then during hypotensive conditions
(studied group). As the mean blood ﬂow velocity depends on
the peak systolic and the end diastolic velocity, it is notable
that the decrease of the end diastolic velocity contributed in
our patients mostly to the observed decrease of the meanblood ﬂow velocity between points P1 and P3 of the anesthesia/
operation. End diastolic velocity is more heavily inﬂuenced by
the status of the peripheral cerebral circulation than the peak
systolic velocity and the arterioles are responsible for the
effect of cerebral autoregulation [22,23]. It was proved in
animal model that during hypotension in early phase of
autoregulatory failure, divergent systolic and diastolic blood
ﬂow velocity might be detected [24]. More profoundly
decreased end diastolic than peak systolic velocity in studied
group may suggest that the peripheral cerebral circulation has
failed to respond adequately to the challenge of decreased
heart output thus resulting in diminished cerebral blood ﬂow.
The divergence of systolic and diastolic blood ﬂow velocities
was not evident in the control group.
Cerebral blood ﬂow can be suggested to decrease markedly
in our patients in spite of the fact that MAP and HR were
maintained within reputedly ‘‘safe’’ limits. In such situation
the inﬂuence of anesthetics on cerebral autoregulation should
be analyzed. Generally all the anesthetics applied in our
patients are known not to interfere with cerebral autoregula-
tion in therapeutic doses. This pertains to cis-atracurium,
propofol, sevoﬂuran with some exception of remifentanyl
which can somewhat decrease cerebral blood ﬂow velocity
though in certain regions of the brain actually an increase of
blood ﬂow velocity has been found to occur [25–28]. Addition-
ally, several studies have shown that the anesthetic agents are
responsible for global whole-brain metabolic reduction [29,30].
The lower metabolic requirements of the anesthetized brain
are associated with reduced demand for blood supply.
Although induction of anesthesia caused a decrease of
sonographically assessed cerebral blood ﬂow velocity (control
and studied group), which might be related to diminished
hemodynamic parameters, maintenance of anesthesia with-
out further lowering of MAP and HR, did not affect Doppler
measurements so intensely, as it was the case in the control
group. Thus rather the reduced hemodynamic parameters in
patients of studied group and not the applied combination of
anesthetic agents, seem to contribute more to the drop of
cerebral blood ﬂow during surgical procedures. The reduced
metabolic requirements of the brain during general anesthesia
may be perceived as a protective mechanism which allows
patients to withstand greater reductions in cerebral blood ﬂow.
Also the inﬂuence of oxygen in increased concentration can
constrict cerebral arterioles, but this effect occurs mainly with
100% oxygen inhalation whereas in our patients a 50%
concentration of oxygen was used.
Whatever mechanism evoked the reduction of cerebral
blood ﬂow velocity, this phenomenon has been demonstrated
in this study to occur when MAP and HR are purposefully
reduced during surgery in general anesthesia. Though no
anesthesia-related complications have ever been reported in
similar groups of patients, nor have occurred in our patients,
the problem should not be ignored. Apparently, lack of
conspicuous neurological deﬁcits after the performed proce-
dures cannot stand for evidence that cerebral blood ﬂow
during the whole operation was sufﬁcient. More careful and
detailed examination of these patients would be warranted in
order to reveal possible latent neuropsychological disorders
like cognitive impairment, depression or anxiety. Such
abnormalities have been documented in patients after
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sion [31,32].
Our ability to measure only the velocity of blood in one
major cerebral artery is an apparent limitation of our study.
The problem of relation between cerebral blood ﬂow velocity
and the volume of cerebral blood ﬂow has been discussed
above and it seems reasonable to conclude that the volume of
cerebral blood ﬂow actually decreases with decreased blood
ﬂow velocity in the middle cerebral artery. Whether moder-
ately decreased cerebral blood ﬂow can harm the brain
depends on current metabolic demand of this organ. Though
cerebral metabolism is known to be depressed in general
anesthesia, any kind of direct monitoring of cerebral perfu-
sion/metabolism seems justiﬁed. Unfortunately most of these
methods (such as those based on isotopes, thermodilution,
MRI), are either not applicable in an operating theatre, or
invasive, such as monitoring of metabolites in the brain
parenchyma.
5. Conclusions
Reduction of MAP and HR during transnasal, endoscopic
procedures in order to improve surgical ﬁeld conditions, may
result in profound and uneven drop of blood ﬂow velocities in
the MCA to values which are well below the normal reference
range. Since divergent reduction of systolic and diastolic
velocity may indicate an early phase of cerebral autoregula-
tion compromise, and decrease of mean blood ﬂow velocity in
the major cerebral arteries corresponds with a decrease of
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